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Abstract 
The Northridge earthquake on January 1994 damaged a large number of buildings all through Los Angeles. The most recurrent 
pattern of structural damage was the brittle failures at beam column junction in steel moment-resisting frames (MRF’s)[6] This 
event brought out the need for further improving the Moment Resistant Frames and its connections. A new system of Moment 
Resisting Frames (MRF) commonly known as Self-Centering Moment Resisting Frames (SC-MRF) was developed. These 
designs are capable of resisting the seismic loads without sustaining much damage. The paper studies the behaviour of Self-
Centering Moment Resisting Frames (SC-MRF) with and without steel plate shear walls subjected to cyclic loading. A detailed 
three dimensional finite element modeling using plate elements available in ANSYS FEA code is done. Geometric and material 
nonlinear stress analysis of the frame and a detailed comparison of the frame with and without steel plate shear walls is done. It 
can be observed that the sway of the SC-MRF frame is much higher than that of a conventional frame, but by introducing a thin 
steel plate shear wall this deformation can be brought down to a much lower value. 
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Peer-review under responsibility of the organizing committee of ICETEST – 2015. 
Keywords: Analytical; Post-Tensioned (PT) strand; Self-Centering Moment Resistant Frames (SC-MRF); Seismic Frame; 
Steel Plate Shear Walls. 
 
 
 
* Corresponding author. Tel.: 9349352684. 
E-mail address:sreekumaranju@gmail.com 
 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ICETEST – 2015
162   Anju Sreekumar et al. /  Procedia Technology  24 ( 2016 )  161 – 168 
1. Introduction 
Throughout the years it was observed that the performance of steel structures was not up to mark. The efficiency 
of the steel frame was not as expected. It was observed that the steel frames that was subjected to seismic loads 
undergoes failure even when the steel was in their elastic limit. This was mainly due to joint failure due to brittle 
cracking. When steel frames are designed it is assumed that all the joints are rigid and its deformations are hence 
neglected but in reality it is not so. Hence, a large number of studies were conducted to improve the performance of 
the steel frames under seismic loading. 
Prior research in this area includes the use of Haunch Brackets at the joints, predetermining the formation of 
plastic hinge in beams, Post-Tensioned connections in concrete structures, Post-Tensioned connection with various 
energy dissipation devices and finally Post-Tensioned steel frame with steel plate shear walls. These frames with 
Post-Tensioned strands are known as Self-centering Moment Resistant Frames (SC-MRF). 
Self-centering Moment Resistant Frames (SC-MRF) are those structures which survive seismic loads without 
much damage. These frames are capable of retaining its structural integrity after a seismic load. The beam column 
joints are not fixed as in a wielded or bolted joints, hence relative movement occurs without much hindrance. The 
major components of these frames that make it different from the ordinary Moment Resistant Frames are the Post-
Tensioned (PT) Strands and the long slotted shear tabs. The re-centering property of the frame is imparted by the PT 
Strands. The Shear Tabs are designed in such a manner that only the shear forces are transferred and the rotation of 
members at the joint is not restricted.  
This paper involves the Three Dimensional finite element modelling of a typical frame using the plate elements 
available in ANSYS FEA code. A detailed study on the structural behaviour of the frame under static loading is 
done. The study involves geometric and material nonlinear stress analysis of the frame with and without steel plate 
shear wall. A comparative study of SC-MRF with and without steel plate shear wall is done. 
2. Major Components of SC-MRF 
Self Centering Moment Resisting Frames (SC-MRFs) is a highly ductile system. It undergoes large inelastic 
deformations without degradation in strength and stability. 
2.1. Post-Tensioned (PT) Strands 
The PT Strands spans throughout the length of the beam. It is anchored to the outer flanges of the column. These 
high strength steel Post-Tensioned strands help to resist the moment at the beam-column interface. The PT Strands 
is the major component that provide for the re-centering property of the frame.[3] A SC-MRF beam span is shown 
in Fig.1.(a) 
2.2. Shear Tab 
Shear tab helps to connect the beam and column at the joint. Its sole function is to transfer the shear forces acting 
at the joint. The shear tab is bolted on to the beam. The long slotted holes in the shear tab helps to ensure that the 
rotation is not arrested. The shear tab is shown in Fig.1.(b) 
 
 
 
 
 
 
 
Fig.1.(a)  SC-MRF Beam Span, (b) Shear Tab Mechanism 
 
a b
163 Anju Sreekumar et al. /  Procedia Technology  24 ( 2016 )  161 – 168 
2.3.  Steel Plate Shear Wall 
Self-Centering Moment Resistant Frames (SC-MRF) utilizes web plates to provide for the energy dissipation and 
initial lateral strength to the system. In this paper focus is given to thin and replaceable steel plate shear walls. Fig.2 
gives the steel plate shear wall provided. 
 
 
 
 
 
 
 
 
 
 
Fig.2: Steel Plate Shear Wall 
3. Configuration and Properties of the Model 
The model and its configuration are chosen as per the details provided in prior research paper [1,3]. Details of the 
frames used in this study are given below. 
3.1. Dimensions Of The Frame 
The model has two-story configuration The center to center distance between the Vertical Boundary Element 
(VBE) in SC-MRF is 3,235mm and the center to center distance between the Horizontal Boundary Element (HBE) 
is 1,724mm (Fig.4). The loads were applied at the center of the top HBE the specimen above the pinned base 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3: Dimension of the frame 
3.2. Support Conditions 
The right VBE is pinned at its base so that the rotation of the column is not arrested. The left VBE is supported by 
rollers so that the frame expansion is not hindered with. Frame expansion occurs when gap opening forms at the 
joints when the load is applied. [1] 
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3.3. Section Details 
The PT Strands is 13-mm-diameter Grade 270 seven-wire strand. The PT Strands is placed symmetrically about 
the centerline of the HBE as shown in Fig.4. The PT strands is anchored at the outside flanges of the VBEs.[3] 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4: PT strand arrangement 
The beam and column members were A992 steel and were designed to remain elastic. The beams in these tests 
were W18 × 106 and the columns were W14 × 132.[3] The elastic moduli were taken to be 200 GPa for beams and 
columns and 196.5 GPa for the PT strand. The sectional details are given in Table.1 
Table 1.Sectional Details. 
Dimensions  
(mm) 
BEAM   
W18 X 106 
COLUMN  
W14 X 132 
d 475.74 372.364 
tw 14.986 16.383 
bf 284.48 374.015 
tf 23.876 26.162 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.5: Details 
The thickness of the replaceable steel plate shear wall provided is about 1.52 mm. The Aspect Ratio provided is 2. 
Aspect Ratio is the ratio of the length of the plate to the height of the plate. A gap opening of 150 mm is provided on 
both the sides of the plate.  
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4. Working Of SC-MRF 
The configuration and the material properties are provided as per the prior research done. The model of SC-MRF 
done in ANSYS is shown in Fig.6. The elements used in modelling are SHELL181, BEAM 4, TARGE 170, 
CONTACT 174. 
SHELL181 is used to model the beam, columns and the shear walls. BEAM 4 is used to model the Post-
Tensioned Stands. TARGE 170 and CONTACT 174 are used to create the contact surface between the beam and 
column. This is mainly to arrest the interpenetration of the beam and column members. ANSYS model done is 
shown in Fig.6  
After an initial analysis it was found that the area of the column flange in which the Post-Tensioned Strands were 
anchored undergoes large deformation, so an additional plate was provided so that the local failure could be 
avoided. The deformation of the column flanges due to initial post-tensioning is shown in Fig.7.(a) 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.6: Ansys model 
Initially the Strands provided were tensioned. This will keep the beam and column in position. The beams will be 
under compression throughout its length. Fig.7.(b) gives the initial strain applied in the PT Strands 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.7.(a) Deflection in Column Flange due to initial strain (b) Initial Strain in the PT Strands  
Lateral load applied at the centre of the topmost HBE above the pinned support in the positive x-direction. When 
load is applied the frame undergoes displacement. Initially the post tensioning strands holds the beam firmly to the 
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column and the beam will be under compression. Once applied force is greater than the capacity of the connection, 
the beam tend to rotate about the top flange at the beam-column interface and bottom flange tend to separate from 
the column and gap opening occurs. Fig.8(a) gives the gap opening at the joint on application of the lateral load. The 
strain in the strands is observed to increase as gap opening occurs due to strand elongation. Fig.8.(b) shows the 
increase in the strain when load is applied. When the earthquake ends the increased strain in the PT Strands pulls the 
frame back to its original position. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.8. (a) Joint deflection, (b) Increase in strain on application of lateral load 
The major reason for failure of conventional moment resistant frames was due to the residual wielding strain and 
brittle cracks at joints. In SC-MRF such failure does not happen as there is no wielding between the beam and 
column at the joint. The joints of SC-MRF are not bound and hence the beams are free to rotate about their flanges. 
A wielded frame of same configuration was modelled and the same load was applied. It was observed the intensity 
of stress in both the conventional and SC-MRF was same and in case of SC-MRF only the two opposite corners of 
the beam about which it rotates is stressed. This is shown in Fig.9.(a) and (b). But the deflection in both the frames 
had significant differences. The SC-MRF had higher deflection than the conventional moment resistant frame. The 
defection of the frames is shown in Fig.10.(a) and (b). So in order to reduce the deflection thin replaceable web 
plates were provided.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.9. (a) Equivalent Stress in Conventional MRF, (b) Equivalent stress in SC-MRF 
The working of SC-MRF with steel plate shear wall is similar to the frame without steel plate shear wall. The 
only difference is that the deflection of the frame is reduced by a large amount by introduction of steel plate shear 
wall 
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Fig.10.(a) Deflection in Conventional MRF, (b) Deflection in SC-MRF 
5. Comparison between SC-MRF with and without Steel Plate Shear Wall 
5.1. Deflection 
SC-MRF without steel plate shear walls has higher deflection than that of SC-MRF with steel plate shear wall. 
Fig.11.(a) and (b) shows the deflection of SC-MRF with and without steel plate shear walls. This shows that the 
ductility of the frame without the shear walls is higher. The joints are highly ductile. The displacement of the frame 
is reduced by approximately 70% when steel shear walls were introduced into the system. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.11.(a) Displacement of SC-MRF with steel plate shear walls, (b)  Displacement of SC-MRF  
5.2. Equivalent Stress 
Equivalent stress is a major component of analysis which helps us to determine the safety of the system. 
Fig.12(a) and (b) gives the equivalent stress in SC-MRF with steel plate shear walls. Fig.13 gives the Equivalent 
Stress in SC-MRF without steel plate shear wall. It can be observed that the stresses in the column are reduced by 
half in the presence of the shear wall. 
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Fig.12. Equivalent stress in SC-MRF with steel plate shear wall (a) Front view, (b) Isometric view 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.13: Equivalent stress in SC-MRF 
6. Conclusion 
Self-Centering Moment Resistant Frames is a breakthrough in steel design. Earthquake loads are overcome by the 
ductility of the frame. This ductility is imparted by the actual movement of frame and not by the permanent or 
elastic deformation of the material. It can be observed that the sway of the SC-MRF frame is much higher than that 
of a conventional frame , but by introducing a thin steel plate shear wall this deformation could be brought down to 
a much lower value. It should be noted that even though the shear walls introduced have really thin sections (1.52 
mm) the performance of the frames has been considerably improved. The most attractive feature of SC-MRF is its 
capacity to retain its structural integrity after an earthquake. 
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